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(g) Hot pluggable motherboard bus connector method. 

(g) A method of connecting an 10 card to a 
motherboard, comprising steps of : 

(a) detecting that an IC card has been inserted 
into a connector located on said nrustherboard ; 

(b) connecting a power bus of said moflier- 
board to a power bus of said IC card ; and 

(c) connecting a genera! signal bus of said 
motheri>oaiid to a general signal bus of said IC 
card ; 

in which said step (b) includes substeps as 
follows : 

(b1) allowing only a low current to flow fc>e- 
tween said power bus of said mottiert>oard and 
said power bus of said tC card ; 

(b2) waiting for a predetenmlned period of 
time, said predetennined period of time corre- 
sponding to the time it takes for voltage levels 
between said motherboard and said IC card to 
become equalized ; and 

(b3) allowing a full current to flow between 
said power bus of said motherboard and said 
power bus of said IC card. 
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The present Invention relates to a connector cir- . 
cuit for connecting an Integrated circuit card (IC card) 
to a motherboard. The connection is made in a hot 
pluggable manner, meaning that when a card is being 
connected to the motherboard, there is no need to de- 5 
activate the motherboard bus. 

In the prior art, when a new IC card was being 
connected to a motherboard bus, the motherboard 
bus had to be deactivated, thus the bus could not be 
used by another IC card which had previously been io 
connected. Deactivation was necessary because 
noise signals could be added to the bus by the new 
card during insertion, such noise signals negatively 
impacting the use of the bus by the existing IC cards 
previously inserted. For example, dafei being trans- is 
mitted along the mothert)oard bus using ah existing 
IC card could be lost during Insertion of the new IC 
card. 

Hot pluggable connections between IC cards and 
a motherboard have been developed in which it Is not 20 
necessary to deactivate the motherboard bus during 
insertion of a new card. In these prior art devices, 
edge connectors are located on the IC cards for con- 
nection to the motherboard. When the IC card is con- 
nected to a corresponding receptacle on the mother- 25 
board, both power connections to the electrical com- 
ponents on the IC card and general purpose signal 
connections (e.g. for data and addresses) are estab- 
lished during the same connection. To ensure a stable 
operation of the bus while a card is connected, it is 30 
necessary to make sure that power and general pur- 
pose signal connections are made in a certain order. 
For example, it is better to have the power connec- 
tions made before the general purpose signal connec- 
tions. 35 

In the specification of U.S. Patent No. 5,210,855, 
a connection sequence Is described in which first 
ground connections are made, then power connec- 
tions are made and finally general purpose signal 
connections are made. However, a prDblem has ex- 40 
isted in these devices. Specifically, when the power 
connection is made between the IC card and the 
motherboard bus, power is applied to the card imme- 
diately. This causes a short circuit to exist across the 
motherboard power bus. This can cause many prob- 45 
lems to occur as follows. First, physical damage to the 
connectors can occur, for example, the connectors 
can be depleted by the temporary short circuit Sec- 
ond, disturbances to the signal lines on the mother- 
board bus can be created by the short circuit on the so 
power bus by electromagnetic interference. Third, 
regulated voltage levels on the motherboard bus can 
be caused to ^li out of regulation, thus severely ef- 
fecting all other IC cards connected to the mother- 
board bus. 55 

Another problem which has existed In the prior art 
"hot-pluggable" devices mentioned above Is that 
when a card containing active elements is physically 



removed from the motherboard, the atitrve levels ex- 
isting on the connectors can cause disruptions to oc- 
cur to the motherboard bus. 

An object of the invention is to solve the above- 
noted problems which have existed in the prior art 
Another object of the invention is to provide for a con- 
trolled application of power to an IC card from the 
motherboard bus. Cunrent flow is limited to a safe val- 
ue until voltage levels between the mothertK)ard bus 
and the IC card have equalized. 

A further object of the Invention is to provide for 
controlled disconnection of the various connections 
between the IC card and the motheritxMrd when the 
IC card is to be physically removed from the mother- 
board. Once the connectors have been fully discon- 
nected, only then is the IC card physically removed 
from the mothertx>ard bus. thus preventing disrup- 
tions to the bus from occurring. 

The present invention Includes a method of con- 
necting an IC card to a motherboard, comprising 
steps of: 

(a) detecting that an IC card has been Inserted 
into a connector located on said motherboard; 

(b) connecting a power bus of said mothertx>ard 
to a power bus of said IC card, and 

(c) connecting a general signal bus of said moth- 
erboard to a general signal bus of said IC card; 

in which said step (b) includes substeps as fol- 
lows: 

(b1) allowing only a low current to flow between 
said power bus of said motherboard and said 
power bus of said IC card; 
(b2) waiting for a predetermined period of time, 
said predetermined period of time corresponding 
to the time it takes for voltage levels between said 
motherfc>oard and said IC card to become equal- 
ized; 

and (b3) allowing a full current to flow between 

said power bus of said mothert>oard and said 

power bus of said IC card. 

A connector is provided on a mcrtheriDoard for 
connecting the ground, power and general purpose 
signal connections of an IC card to the corresponding 
mothert)oard busses. During connection of an IC card 
to the motherboard, the connections are made in the 
following order. First, the ground connections are 
made, then the power connections are made, and fi- 
nally the general purpose data connections are made. 

When the power connections are made, the cur- 
rent flow is limited by. for example, a variable, resis- 
tance circuit, under programmed control, so that a 
safe amount of current flows through the power con- 
nections between the IC card and the motherboard 
power bus. Then, af tera predetermined period of time 
has elapsed during which the voltage levels between 
the motherboard bus and the IC card have equalized, 
the current Is allowed to reach its maximum steady 
state value under Programmed control. 
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When the IC card is to be removed from the moth- 
erboard, the connections between the IC card and the 
motherboard bus are disengaged in the reverse order 
from which they were engaged during the time when 
the IC card was being connected to the motherboard. 5 
That is, under programmed control, first the general 
purpose signal connectors are disengaged, then the 
power is disengaged and finally the ground connec- 
tions are disengaged. 

The invention will now be described, by way of ex- io 
ample, with a reference to the drawings in which: 

Figure 1 shows a basic circuit structure. 

Figure 2 shows a flow chart of a connection rou- 
tine of the present invention for connecting an IC card 
to a motherboard. 15 

Figure 3 shows a flow chart of a disconnection 
routine of the present invention for disconnecting an 
IC card from a motherboard. 

Figure 1 shows a basic circuit structure of the 
present invention. An IC card 1 connects to a moth- 20 
erboard 2 via a connector circuit 21 located on the 
motherboard 2. The ground bus of the IC card 1 is 
connected to the ground bus 28 of the motherboard 
2 during insertion of the card into connector 21 . Acon- 
troller 25 controls switches 22 and 23 located be- 25 
tween connector 21 and general purpose signal bus 
26 and power bus 27, respectively, so that the 
switches are closed as follows. When It is detected 
that an IC card 1 has been physically inserted into a 
connector 21 by, for example, monitoring power sup- 30 
ply current, (see Figure 2 step S1), the controller 25 
closes the switch 23 (steps S2 to S4 as will be fully 
described below) to connect the motherboard power 
bus 27 to the IC card 1. Finally, the controller 25 
closes the switch 22 (step S5) to connect the mother- 3S 
board general signal bus 26 to the IC card 1 . 

The switch 23 is of a type in which the impedance 
can be set to a certain value for a predetermined time 
duration under control of the controller 25. The con- 
troller controls the impedance of the switch 23 so that 40 
current flow is at first limited to a safe and low value 
(step S2). Then, after a predetermined time has 
elapsed (step S3), the predetermined time being de- 
pendent on the time it takes for the voltage levels be- 
tween the motherboard 2 and the IC card 1 to become 45 
equalized, the controller 25 lessens the impedance of 
the switch 23 so that the maximum steady current for 
proper operation of the tC card 1 will flow to the card 
1 (step S4). 

Thus, physical damage to the connectors, 50 
caused by arcing on the connectors during the initial 
in-rush of current to the card, can be prevented by us- 
ing the controlled current switch as described above. 
Further, disturbances to signal. lines 26 on the moth- 
erboard by electromagnetic interference can also he 55 
prevented. Still further, the deregulation of regulated 
voltage levels on the motherboard 2 can belprevent- 
ed. The controller 25 also controls the switches 22 



and 23 in the following manner when it is detected that 
the user wishes to physically remove an IC card 1 
from the motherboard 2 (see step 86 of Figure 3). The 
switches are caused to open in a certain order, spe- 
cifically, the reverse order to the order in which they 
were closed when the IC card was first connected to 
the motherboard connector21 . More specif ically, first 
the general signal bus switch 22 is opened (step S7), 
and then the power bus switch 23 Is opened (step SB). 
Then, an indication is given to the user that it is alright 
to physically disconnect the card 1 from the mother- 
board connector21 (step 89). The ground connection 
is disconnected when the card is physically removed 
by the user. 

it Is important that the switches be opened before 
the IC card 1 is physically removed from the connec- 
tor 21. Specifically, if these switches are opened first 
then mechanical contact bounce on the signal lines 
can be prevented. 

There are two ways to carry out this controlled 
disconnection of the connection lines. First, a soft- 
ware control technique can be used in which a regis- 
ter is provided inside the controller 25. A predeter- 
mined value is written to the register when the user 
wishes to physically remove the IC card 1 . Under soft- 
ware control, the contents of the register are con- 
stantly checked to determine whether the contents 
are equal to the predetermined value. When it is de- 
termined that the contents of the register are equal to 
the predetenmined value, the switches 22 and 23 are 
opened. After the switches are opened, an indication 
is given to the user by means of. for example, a CRT 
or by indicator lights, that it is permissible to physical- 
ly remove the IC card 1 from the motherboard con- 
nector 21. 

The second way is a mechanical technique in 
which a sensing element, such as an optical sensor 
or a pressure sensor, senses that an access cover 
(which covers the IC card 1) has been removed. 
When the access cover has been removed. It is clear 
that the user may be in the process of removing the 
IC card 1 from the motherboard connector 21. Thus, 
when the sensing dement senses that the access 
cover has been renrK>ved the switches are opened as 
discussed above. 

A method of connecting an IC card to a mother- 
board involves first connecting the ground busses, 
then the power busses and finally the general signal 
busses. When the power busses are connected, a low 
cunrent is allowed to flow Initially, then, a predeter- 
mined period of time is allowed to elapse for equali- 
zation of IC card and motherboard voltages, then a 
full current is allowed to flow. Amethod of disconnect- 
ing an IC card from a motherboard involves first dis- 
connecting the general signal busses, then the power 
busses and finally the ground busses. 

A method of connecting an IC card to a mother- 
board involves first connecting the ground busses. 
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then the power busses and finally the general signal 
busses. When the power busses are connected, a low 
cunrent is allowed to flow initially, then, a predeter- 
mined period of time is allowed to elapse for equali- 
zation of IC card and motherboard voltages, then a 
full current is allowed to flow. A method of disconnect- 
ing an IC card from a motherboard involves first dis- 
connecting the general signal busses, then the power 
busses and finally the ground busses. 



Claims 

1. A method of connecting an IC card to a mother- 
board, comprising steps of: f5 

(a) detecting that an IC card has been Insierted 
into a connector located on said motherboard; 

(b) connecting a power bus of said mother- 
board to a power bus of said IC card; and 

(c) connecting a general signal bus of said 20 
motherboard to a general signal bus of said IC 
card; 

in which said step (b) includes substeps as 
follows: 

(b1) allowing only a low current to flow be- 25 
tween said power bus of said motherboard 
and said power bus of said IC card; 
(b2) waiting for a predetemriined period of 
time, said predetermined period of time corre- 
sponding to the time it takes for voltage levels 30 
between said motherboard and said IC carxJ to 
become equalized; and 
(bS) allowing a full current to flow between 
said power bus of said motherboard and said 
power bus of said IC card. 35 



2. A method of disconnecting an IC card from a 
mothert>oard as claimed in daim 1. characterized 
by the steps of: 

(a) determining that a user wishes to remove 40 
an IC card from said motherboard; 

(b) disconnecting a general signal bus of said 
motherboard from a general signal bus of said 
IC card; 

(c) disconnecting a power bus of said mother- 45 
board from a power bus of said IC card; and 

(d) Indicating to said user that it is alright to 
physically disconnect the card from the moth- 
ert>oard. 
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OPEN SWITCH 22 



OPEN SWITCH 23 



GIVE INDICATION TO 
USER THAT IT IS OK 
TO DISCONNECT CARD 



Figure 3 



Figure 2 
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